Intraperitoneal injection of complete Freund's adjuvant which caused an extensive cellular response in the reticuloendothelial system greatly increased the severity of infection which resulted from footpad inoculation of ectromelia virus in mice. The mortality was greatest during the proliferative phase of the cellular response, indicated by the colony-forming cell response. Exposure of colony-forming cells to virus in vitro showed that those from normal bone marrow were much less susceptible to virus than those from the bone marrow of adjuvant-treated mice and more particularly those from the spleen of adjuvant-treated mice. Severe bleeding to induce anemia and a consequent erythropoietic response did not increase the mortality from ectromelia. Previous results were interpreted on the basis of these findings and a more general application of them to the pathogenesis of poxvirus infection was discussed.
Intraperitoneal injection of complete Freund's adjuvant which caused an extensive cellular response in the reticuloendothelial system greatly increased the severity of infection which resulted from footpad inoculation of ectromelia virus in mice. The mortality was greatest during the proliferative phase of the cellular response, indicated by the colony-forming cell response. Exposure of colony-forming cells to virus in vitro showed that those from normal bone marrow were much less susceptible to virus than those from the bone marrow of adjuvant-treated mice and more particularly those from the spleen of adjuvant-treated mice. Severe bleeding to induce anemia and a consequent erythropoietic response did not increase the mortality from ectromelia. Previous results were interpreted on the basis of these findings and a more general application of them to the pathogenesis of poxvirus infection was discussed.
It was reported in the previous paper (13) that during infection with ectromelia virus mice can develop an increase in the number of hemopoietic colony-forming cells (CFC) in bone marrow, blood, and spleen. However, it was also shown that the relationship between the level of infection and the CFC response in the different tissues was complex, and that this relationship in bone marrow was different from that in spleen and blood (13) . No clear-cut pattern emerged regarding the possible role of a CFC response in the pathogenesis of the disease since the results could be interpreted in various ways. The experiments reported in this paper were carried out in an attempt to resolve these problems by (i) studying the infection in mice whose CFC system was stimulated before infection and (ii) by studying the susceptibility of CFC to virus infection in vitro.
MATERIALS AND METHODS
The mice, the strain of virus, and the technique of virus and infectious cell assay were described or referred to in a previous paper (13) .
Hemopoietic stimuli. Intraperitoneal injection of complete Freund's adjuvant has been shown to give an intensive stimulus to the CFC system (12) . The complete adjuvant (Difco) was used as supplied, without emulsification, but ensuring complete suspension of the mycobacterial component. Each mouse was given 0.2 ml by intraperitoneal inoculation.
A strong erythropoietic stimulus was given by making mice anemic. This was achieved by bleeding 0.3 ml from the tail on 3 successive days, a procedure which resulted in the peripheral blood hematocrit falling from 45% to 20 to 25%7. Virus was given the day after the third bleeding. Infection of CFC in vitro. Bone marrow and spleen cells were collected from either normal mice or from mice which had been given adjuvant 7 days previously. Cell suspensions were made as described in the previous paper (13) and were diluted to a concentration of 4 X 106 per ml. A 1-ml amount of this suspension was mixed with an equal volume of Eagle's medium containing 4 X 107 plaque-forming-units (PFU) of ectromelia virus. The mixture was incubated at 37 C in a water bath for 2 Figure 1 shows the mortality index (per cent mortality divided by the average time in days between virus inoculation and death). Index was determined after 103 PFU of virus were given by footpad inoculation in groups of 10 Mortality in relationship to c.liular changes in spleen. Since ectromelia is primarily an infection of the lymphoreticular system and it is known that adjuvant causes a marked cellular proliferation in this system (18) , it was of interest to determine whether the increased susceptibility to ectromelia was associated with the maximum proliferation of precursor cells (CFC) or with the later increase in numbers of mature cells. Figure 3 shows the relative timing of these cellular events in spleen and indicated that the CFC phase reached its peak about 1 week before the peak of mature granulocyte-macrophage cells and about 2 weeks before the peak of total white cells (mainly lymphocytes).
It was shown ( Fig. 2 ) that the infection makes its appearance in the spleen 3 days after footpad inoculation of virus in adjuvant-treated animals. Therefore, if a correlation is to be made between susceptibility to infection and changing cell populations in the spleen, this 3-day interval must be taken into account; i.e., if animals are given adjuvant 6 days before virus, there is in fact a 9-day interval between adjuvant and the first appearance of virus infection in spleen. Table  1 shows the mortality in groups of 25 mice given 5 X 103 PFU of virus by footpad inoculation either 2, 6, or 10 days after adjuvant. Two control groups of 25 mice were given either virus alone or adjuvant alone, and there were no deaths in either group. This shows that adjuvant treatment was more effective if given 2 or 6 days before virus than if given 10 days before. Allowing for the 3-day interval mentioned above, the pretreatment intervals as far as spleen infection is concerned become 5, 9, and 13 days. Comparison of these results to those shown in Fig. 3 shows that the increased mortality was associated more with the CFC response than with the increase in numbers of mature cells.
Infection Preliminary experiments also showed that when spleen cells were taken from animals 6 days after adjuvant and infected in vitro there was an 80% reduc- The evidence already presented indicates that a precursor cell proliferation of the granulocyte-macrophage cell series caused by adjuvant could increase the number of virus-susceptible cells and contribute to the mortality in adjuvant-treated animals. A question which then arises is whether this susceptibility is a feature of all proliferative cellular responses. Table 4 shows that mice with an erythroid proliferation in response to anemia were not more susceptible to ectromelia; indeed they were slightly less so. The data are from two groups of 20 mice, one normal and one anemic, given 2 X 103 PFU of virus intraperitoneally.
RESULTS AND DISCUSSION
Whenever the reticuloendothelial system of mice is stimulated to proliferate by injection of complete Freund's adjuvant, inoculation of ectromelia virus results in a more severe infection and a high mortality. The increase in mortality is particularly associated with the proliferative phase of the response to adjuvant which could be explained by a greater susceptibility of the proliferating cells to infection by virus. Such an explanation is supported by studies on infection in vitro which show that bone marrow CFC from normal mice are relatively insusceptible to ectromelia, whereas marrow CFC and particularly spleen CFC from adjuvant-treated animals are more susceptible. It is interesting to note that the adjuvant-stimulated spleen CFC are also quite sensitive to what, for want of a more precise term, may be called the "toxic" action of the virus preparation since incubation with heatinactivated virus caused a significant decrease in the colony-forming ability of the cells. Since the inactivated virus had no effect on colony growth from normal marrow cells, it must be assumed that the effect on adjuvant-stimulated spleen CFC was to interfere with the initiation of colonies rather than to affect later colony development.
It seems likely that the discrepancy between spleen and bone marrow in terms of the relationship between infected cells and CFC response, which was described in the previous paper, was due to the much greater susceptibility of CFC to infection once they leave the marrow.
The precise nature of the CFC has not been established with certainty. The available evidence indicates that pluripotent hemopoietic stem cells [which can be detected by an in vivo assay (19) ] give rise to classes of progenitor cells limited to particular pathways of differentiation, for example, erythropoietin-sensitive and antigen-sensitive cells (11) . The in vitro CFC probably represent another class of progenitor cell restricted to granulocytic and macrophage differentiation (9) .
Since CFC are present as a very small proportion of the total cells in hemopoietic tissues, it seems likely that the property of colony formation is restricted to a narrow phase of the differentiation pathway from stem cell to mature granulocyte or macrophage. In actual cell numbers, the 20-fold increase in spleen CFC at the height of the response to adjuvant represents approximately 105 CFC per spleen. Even at this level, the CFC comprise less than 0.05% of all spleen white cells; it seems unlikely that such a small proportion of cells, even if highly susceptible to virus, could account for the striking effects of adjuvant treatment on the levels of infection. It would be more plausible to postulate that the increase in susceptibility to virus is a property of proliferating cells over a wider range of differentiation.
The results obtained by infecting anemic mice showed that an erythropoietic response is not associated with greater susceptibility to ectromelia; therefore, this is not a feature of all proliferative cellular responses. However, there is evidence from immunofluorescence studies (15) that proliferating cells of the lymphoid series become susceptible, since in addition to phagocytic cells there is a striking localization of ectromelia infection in the follicles of lymph lodes and spleen, another site of active cellular proliferation.
Experiments with lymphocyte transformation in vitro have shown that the transformed cells are much more susceptible to several viruses than the small lymphocytes from which they were derived (3, 4, 17) . Recent reports on the development and histopathology of Rauscher leukemia virus infection again suggest that the early infection is associated with proliferative responses in lymphoid tissues (7, 8) . Interpretation of such findings with oncogenic viruses is difficult since it is not clear whether there is a normal proliferative response to infection resulting in increased susceptibility of proliferating cells which then become transformed into tumor cells, or whether the lymphoid proliferation is abnormal from the bginning. However, the observation that preimmunization of the animals with sheep erythrocytes can potentiate the effect of Rauscher virus supports the former interpretation (8) .
In addition to its pronounced myeloproliferative effect, Freund's complete adjuvant has other known and probably some unknown effects. It is of course a potent immunological adjuvant and this effect is demonstrable even if the antigen is given at a different time or by a different route (2, 10, 16) . As far as ectromelia infection is concerned, an adjuvant effect would be expected to help the animal overcome infection rather than the reverse. Another relevant effect reported recently is that pretreatment with adjuvant can alter subsequent interferon responses (1) . This is unlikely to have played a significant role in the present experiments since it was shown that adjuvant increases mortality from ectromelia when given at the same time or even 1 to 2 days after inoculation of virus (Fig. 1) , and this would coincide with the phase of enhanced interferon responsiveness. Another possibility is that the increased mortality from ectromelia was due to some toxic effect of the adjuvant. This is a proposition which by its very imprecision is impossible to rule out. It has, however, been shown that in other virus infections adjuvant may have either no effect (1) or may inhibit virus multiplication (6) . Increased mortality in ectromelia also occurs in mice treated with bacterial endotoxin (5) . Like complete Freund's adjuvant, endotoxin has many biological effects, but it is interesting that one of these is a marked CFC response (12) .
If the hypothesis presented here regarding the increased virus susceptibility of proliferating cells in the lymphoreticular system is correct, a further anomaly requires explanation. In the previous paper it was shown that mice with the highest CFC responses in spleen and blood had relatively low levels of infection (13 
